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SYNOPSIS 
To increase the inherent tensile strength not 
common to conventionally reinforced concrete, fibres 
are added to the reinforced concrete elements. This 
uniform dispersion of closely spaced fibres throughout 
the concrete provides isotropic properties, arrest 
propagation of cracks when oriented at right angle 
to axis of loading not only increasing the compressive 
strength but impermeability and durability of concrete. 
The present work is a part of a comprehensive programme 
wherein experimental investigations have been carried 
out to assess the effect of salinity on reinforced 
steel fibre concrete. To accelerate the effect of 
salinity, flexural members were mixed and cured with 
saline water. To compare the strength, companion 
members were cast, mixed and cured with potable water. 
Comparison of the compressive and flexural strength 
in a short period under the two conditions reveals 
that there is a reduction in the strength of saline 
elements over their counter-parts. This reduction may 
be due to the corrosion of surface fibre which showed 
a decrease in its cross section. Pitting corrosion 
of steel bars were also seen. 
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1 INTRODUCTION 
1 . 1 GENERAL 
Concrete has established to be a universal building 
material because of its high compressive .strength 
and adaptibility to take any form. Its low tensile 
strength is offset by steel reinforcement. The re-
sulting combination is called as REINFORCED-CONCRETE. 
It is this combination, which allows the unlimited 
use of reinforced concrete in construction of multi-
storey buildings, bridges,water tanks,dams,etc. How-
ever, steel reinforcement does not increase the 
inherent tensile strength of concrete. To overcome 
this discrepency, fibres were added to the concrete 
which eventually lead to the invention of "REINFORCED 
FIBRE CONCRETE", comprising of cement paste,mortar or 
concrete with fibres of asbestos,glass,plastic,carbon 
or steel. 
FIBRE is a small piece of reinforcing material, 
either flat or circular.lt can be defined on the 
basis of aspect ratio, which is a ratio of length 
to its diameter. 
Research works conducted worldwide on fibre concrete 
reveals that on addition of small, closely spaced and 
uniformly dispersed fibres to concrete provide a means 
of ariresting crack growth and subsequently improve 
static and dynamic properties of concrete. The uniform 
dispersion of fibres throughout the concrete provides 
isotropic properties, not common to conventionally 
reinforced concrete.Such composite materials are very 
useful at places where large amount of energy has 
to be absorbed (e.g.; air fields, road pavements, 
industrial floorings, defence and nuclear installa-
tions etc.), or even when conventional reinforcement 
cannot be placed because of the shape of the member. 
In India steel fibre concrete has already found wide 
applications in the production of man-hole covers and 
floors. 
Fibre concrete sometimes called as fibrous con-
crete, manufactured under the trade name "WIRAND 
CONCRETE" is used very extensively in United 
States. However,in recent years, glass reinforced 
cement (GRC) has been very significantly developed. 
This is a mixture of cement, sand and glass fibre 
(5 to 6 % by weight) , sprayed, cast or extruded and 
pressed in thin sheets (3 to 12 mm thick), which can 
be bent to a desired shape. Initial problems of chemical 
reaction between the glass and alkalies in cement has 
been overcome by the introduction of ZIRCONOSILICATE 
GLASS[11], an alkali resistant glass fibre (trade name 
CEM-FIL) developed by U.K. Building Research Estab-
lishment . 
1.2 PROPERTIES OF FIBRE CONCRETE 
The addition of fibres in concrete, effects all modes 
of failure. Strengthening mechanism which involves 
the transfer of stresses from the matrix to the fibres 
by interfacial shear, or by interlocking between the 
fibres and the matrix if deformed fibres are used. 
Tensile forces are shared by fibres and the matrix, 
until the matrix cracks and the total force is 
transfered to the fibres. Some of the important 
properties of fibre concrete are briefly described. 
DRHEOLOGICAL PROPERTIES 
This property of fibre concrete depends on the size, 
type of fibres and on the method of their production. 
As fibres tend to have relatively large surface area, 
more water is required for the mix. They also exhibit 
a tendency of balling. As a general rule, when coarse 
aggregate, aspect ratio and fibre content increases, 
the workability decreases. This decrease in workability 
adversely affects the consolidation of concrete. Even 
prolonged external vibration fails to compact the 
concrete. But fibres, tend to reduce the bleeding 
and improve the cohesion of the mix. 
ii) STRUCTURAL PROPERTIES 
a) Tensile strength - The resistance of concrete to 
crack propagation increases with the addition of fibres 
as is evident by increased tensile strength [12].The 
tensile strength increases with the increase in fibre 
content and its aspect ratio in the beginning but 
tend to decrease if the fibre content and aspect ratio 
are increased excessively [7] .It was found that maximum 
increase in tensile strength was about 46% at 1% fibre 
content with an aspect ratio of 80 [15] . 
b) Compressive Strength - The failure of plain 
concrete generally takes place along the diagonal when 
it is under uniaxial compression.The propagation of 
cracks are arrested by fibres,when oriented at right 
angles to the axis of loading. Thus higher compressive 
strength is achieved.lt has been reported that, the 
maximum increase in compressive strength was about 
17% at fibre content of 1.5% by volume with an aspect 
ratio of 100. Also,maximum increase in strain,at 
maximum load and at ultimate load, had increased by 
about 4 times over that of the plain concrete [11] . 
c) Toughness Strength - The greatest advantage of 
using fibre concrete is that, fibre addition improves 
the toughness (the total energy absorbed in breaking 
a specimen) [7] . That is addition of fibre gives 
concrete a considerable amount of apparent ductility. 
If the toughness is taken as the area under stress 
strain curve,it may be shown that although increasing 
the fibre content has a little effect on the ultimate 
strength,it vastly increases the toughness.When the 
fibres are present in the plain concrete the cracks 
cannot extend without stretching and debonding the 
fibres. As a result, considerable additional energy 
is necessary before the material fails by fracture. 
d) Flexural strength - All types of fibres when added 
in significant volume fractions,increases the first 
crack strength and ultimate flexure strength of 
concrete [12].On loading fibre concrete beams,the load 
deflection curve is more or less linear upto first 
crack and then the curve is significantly nonlinear 
and reaches its peak at the ultimate strength or at 
the maximum sustainable static load. 
e) Shear strength - Tests conducted on fibre concrete 
beams have indicated that they have considerable shear 
strength as compared to conventionally reinforced beams 
without shear reinforceraent.lt was reported that the 
addition of 1.5% volume of fibres with an aspect ratio 
of 75, the shear strength had increased by about 70%. 
f) Shrinkage and creep - The total shrinkage and creep 
measured according to ASTM procedures over a period 
of more than a year had shown that the strains in 
fibre concrete beams were less than those obtained 
for general purpose concrete structure. A study on 
steel fibre concrete has shown that the addition of 
fibres reduces the drying shrinkage values and the 
reduction is proportional to the quantity of fibres 
added [14] . 
1.3 FACTORS AFFECTING THE PROPERTIES OF 
FIBRE CONCRETE 
Fibre concrete is relatively a new construction 
matericil and has been in use in many countries abroad 
for construction of important buildings and structures. Its 
properties obviously depend upon the efficient transfer 
of stress between matrix and the fibres,which is largely 
dependent on the type of the fibres, fibre geometry,fibre 
content, its orientation and distribution, size and 
shape of aggregate and its proportioning .A brief 
description of these factors are discussed in this 
section. 
i) TYPE OF FIBRES 
Almost all type of fibres have been tried out in cement 
concrete but all of them could not be effectively 
used. Some of the fibres that could be used are 
of steel, asbestos, coir, glass and carbon. 
a) Steel fibres - They are most extensively used fibres 
and are either circular or rectangular in cross section. 
Generally, circular fibres are preferred. Diameter may 
vary from 0.25mm to 0.75mm. They are likely to get 
rusted and loose some strength. However,investigations 
have shown that the rusting of fibres takes place 
only at the surface. These fibres are produced from 
cold drawn wires and is desirable to be protected 
from corrosion. 
b) Asbestos fibres - They are highly chemical re-
sistant and have high Youngs Modulus of elasticity. 
Tensile strength varies between 5600 to 9800kg/cm^. 
c) Glass fibres - These are recent introduction in 
making fibrous concrete of high tensile strength 
(10200 to 40800 Kg/cm^) . Ductility is low and elastic 
modulus is about one-third of that of steel. Initial 
problems of chemical reaction between the glass and 
alkalies in cement have been overcome by the intro-
duction of zirconosilicate glass, an alkali resistant 
glass fibre and does not pose any corrosion problems. 
d) Carbon fibres - These fibres posses very high 
tensile strength, which varies between 21120 to 
28120 kg/cm .It has been reported that cement composite 
made with carbon fibres as reinforcement will have 
very high modulus and flexural strength. 
e) Miscellaneous fibres - Jute, coir, cellulose etc. 
comes in this category. These are cheap and tests 
had revealed that some of them can improve the strength 
of concrete under static and dynamic loads. 
ii) RELATIVE FIBRE MATRIX STIFFNESS 
For efficient stress transfer, modulus of elasticity 
of matrix must be much lower than that of fibres. 
Hence there is a minimum modulus ratio E-Fibre/E-Matrix 
below which improvement in mechanical strength of the 
composite cannot be achieved.Low modulus fibres such 
as nylon and polypropylene are therefore unlikely to 
contribute to strength improvement,but they help in 
the absorption of large energy and therefore impart 
greater degree of toughness and resistance to explosive 
loadings. 
iii) INTERFACIAL BOND 
Interfacial bond between the matrix and the fibres 
determines the effectiveness of stress transfer, from 
the matrix to the fibres. Such bond could be improved 
by larger area of contact along with high degree of 
gripping and by treating the steel fibres with sodium 
hydroxide or acetone. 
iv) VOLUME OF FIBRES 
The quantity of fibres used in a composite governs 
the strength. The first crack and ultimate strength 
are linear functions of percentages of fibre [6] .How 
ever, the strength of concrete is maximum at some 
optimum value of fibre fraction irrespective of the 
type of fibres used.Beyond this value strength starts 
decreasing. 
v) ASPECT RATIO OF FIBRES 
The quantity of fibre that can be added to concrete 
and uniformly distributed in the matrix,greatly depends 
on the aspect ratio adopted. At higher aspect ratio, 
the fibres have a tendency toball together during 
mixing, such balling or agglomeration of fibres lead 
to heterogeneous matrix.At lower aspect ratio,the fibre 
content can be increased,but because of the reduced 
anchorage adequate strength is not achieved. Therefore, 
for maximum efficiency a suitable aspect ratio is to 
be adopted. It has been reported that upto an aspect 
ratio of 75,increase in the ultimate strength of 
concrete is linear [12] but beyond 75, relative strength 
and toughness are reduced. 
vi) ORIENTATION OF FIBRES 
Fibres can be oriented as desired. It has been observed 
that,fibres aligned parallel to the applied loads 
offer more tensile strength and are tougher than 
randomly distributed or perpendicular fibres. 
vii) SIZE OF THE AGGREGATE 
Several investigations recommended that the maximum 
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size of the coarse aggregate should be around 10 mm 
[6] , otherwise an appreciable reduction in strength 
of fibre concrete may occur. Rheological as well as 
its properties in hardened state are influenced by 
the shape, size, surface geometry and the amount of 
coarse aggregate used. 
viii) INTERPARTICLE FRICTION 
The friction between the fibres and aggregate controls 
the orientation and the distribution of the fibres 
and consequently the properties of the composite. 
Friction reducing admixtures improve the cohesiveness 
of the mix,thereby compaction of the mix is signifi-
cantly improved. 
ix) SPACING OF FIBRES 
Tensile strength of the mortar and the concrete which 
is normally quite less can be increased by decreasing 
the stress intensity factor using closely spaced 
fibres.Bouvaldi and Mandel [18], tested a series of 
mortar beams in which the percent of steel was kept 
constant and the spacing was varied by changing the 
diameter of wire and gave the following expression: 
S = 13.8xDx(l/p) 1/2 
where S - average spacing 
D - dia. of fibre 
p - percentage of fibre 
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1.4 DURABILITY OF CONCRETE 
It is essential that concrete should withstand the 
conditions for which it has been designed,without 
deterioration. Its resistance to wheathering, chemical 
attack, abrasion,frost and fire depends largely upon 
its quality and constituent materials.Susceptibility 
to corrosion of the steel is governed by the cover 
provided and the permeability of concrete.With strong, 
dense aggregates, a suitably low permeability is 
achieved by having a sufficiently low water-cement 
ratio, and by ensuring thorough compaction of concrete 
along with sufficient hydration of cement through 
proper curing methods. 
In coastal areas, the chloride content in the 
mixing water is usually high(about 20mg/l), such 
water{sea-water) is believed to increase the risk of 
corrosion in reinforced structure because presence of 
chlorides form anodic and cathodic areas resulting 
in the irupture of surrounding concrete. Other possible 
effects of internal chlorides are reduced sulphate 
resistance due to complex chloride reactions [11] with 
certain hydrates which in turn are more susceptible 
to sulphate attack than the original hydrates,resulting 
in deterioration and disintegration of concrete.Due 
to increased movement of internal chloride towards 
12 
the exposed surface, accumulation of salts at the 
surface results in spalling of material hence reduction 
in size occurs. Because of expansive reaction, between 
interncil and external chlorides with aluminates present 
in the cement, undue expansion is observed because 
of the formation of calcium sulphoaluminates 
(3CaO.Al203. 3CaS0^. 3H2O) . Also efflorescence, increase 
in alkali metal content has been reported. Infact, 
for durability full chemistry of the mixing water should 
be known before hand. 
The durability although being long term effect, 
le 
acc^ated corrosion tests for the fibre concrete has 
been performed [30] to assess its durability in a 
shorter period. The research concluded that a sig-
nificant reduction in the fibre diameter leads to a 
noticeable reduction in the peak strength in tension 
and bending, as well as a dramatic reduction in 
toughness. Freezing and thawing as prescribed by ASTM 
too is a reliable method for assessing durability in 
a shorter span of time. If concrete has pores, this 
effect is very harmful. The water first enter the 
pores and freezes as the temperature falls. Due to 
expansion of water on freezing inside the pores, 
concrete tend to burst. This is harmful if saturation 
is more than 91.7% [11]. 
fr \ 
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2 LITERATURE REVIEW AND PRESENT 
WORK 
2 . 1 GENERAL 
Engineers are always in search of a convenient method 
of reinforcing concrete. Convenience being something, 
that could be added to the mix, would reinforce the 
concrete and yet permit placing by conventional means . 
Research results from the past had established that, 
with the addition of steel fibres of suitable size, 
shape and aspect ratio to a properly designed concrete 
mix would certainly improve its resistance to tensile 
stresses and modify the brittle behaviour consid-
erably. Here in this chapter, the work done previously 
on steel fibre concrete is briefly reviewed. 
2.2 REVIEW OF LITERATURE 
The concept of strenthening concrete by the addition 
of fibres was first put forward by PORTER [1] IN 
1910.Porter quotes "indeed it is not improbable that 
in the not very distant future, reinforcement of this 
nature i.e. supplying resistance to particles through-
out the mass, by introducing short pieces of steel, 
on the tension side, specially come in use, thus making 
concretes a truely homogeneous material" . 
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IN 1963, ROMUALDI and BATSON [2] published their 
classical paper on steel fibre reinforced concrete, 
based on the principle of fracture mechanism. 
According to them, steel fibres acts as crack 
arresters and this crack arresting mechanism is 
expected to offer high fatigue and impact resistance. 
IN 1970, SHAH and RANJAN [3] worked on ductilty and 
fracture toughness of concrete, with and without steel 
fibres, and found improvement with addition of steel 
fibres. 
IN 1971, CHEN and CARSON [4] studied the effect 
of steel fibres on compressive and tensile strength 
of concrete. It was reported that the optimum tensile 
strength of mortar could be achieved at 0.75% of 12.5 
mm sized fibres and compressive strength at 2% of 
12.5 mm sized steel fibres. 
IN 1972, BATSON, BALLEY, LANKARD and HOOKS [5] studied 
the fatigue of reinforced steel fibre concrete. They 
observed an increase of 74-80% of static flexural 
strength at two million stress reversal cycles. 
IN 1972, SYNDER and LANDARD [6] reported that sig-
nificant increase in first crack flexural strength 
and ultimate flexural strength of mortar and concrete 
can be achieved, through the use of short length (0.625 
to 7.5 cm) and small diameter (0.15 to 0.79mm) steel 
15 
fibres. They also observed that there exists a linear 
relationship between the first crack flexural strength 
and ultimate flexural strength as a function of fibre 
fraction. 
IN 1974, WILLIAMSON [8] studied the effect of steel 
fibres on the static compressive strength of concrete. 
It was concluded that 3/8" maximum aggregate size mix 
shows a considerable increase in compressive strength 
than 3/4" maximum aggregate size mix, with increasing 
amount of fibres. 
IN 1974, RAJAGOPALAN, PARAMESWARAN and RAMASWAMY 
[9] investigated into the mechanics of steel fibre 
concrete and its behaviour under uniaxial tension. 
Equations were derived to predict the ultimate strength 
in flexure of steel fibre concrete beams with uniformly-
dispersed and randomly oriented fibres. 
IN 1975, NEVILLE [10] published the proceedings 
of symposium of International Union of Testing Research 
Laboratories for materials and structures (RILEM) on 
fibre reinforced cement concrete in two volumes. These 
proceedings contain a collection of very useful papers 
covering various aspect ratios of fibre reinforced 
materials. 
IN 1977, A.J.MAJUMDAR, J.M.WEST, and L.J.LARENER 
Ell] studied the properties o'f glass fibres in cement 
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environment,They cast a mixture of cement, sand and 
glass fibre (5 to 6% by weight) , and pressed it in 
thin sheets (3 to 12 mm thick) , which can be bent 
to a desired shape. On analysing after third and sixth 
month they concluded that glass fibres in alkaline 
environment were not durable. 
IN 1979, HALVORSEN and KESHER [13] reported that 
failure of reinforced steel fibre concrete beams were 
characterized by cracking of the matrix followed by 
pullout of the individual fibres. 
IN 1981, KUKREJA [15] studied the structural 
characteristics of steel fibre concrete, taking fibre 
content and aspect ratio as variables.At fibre content 
of 1.5% by volume maximum compressive strength is 
increased by 17% having an aspect ratio of 100. Maximum 
increase in modulus of elasticity reported was 16% 
and the tensile strength was increased by about 46% 
at 1% fibre concentration having 80 as an aspect ratio. 
IN 1981, HUGHES [16] designed pre-stressed fibre 
reinforced concrete for impact test . It was shown that 
the use of fibre reinforcement in conjunction with 
pre-stressed reinforcement, a material with high 
resistance to cracking, high static strength and high 
impact strength can be obtained. 
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IN MARCH-APRIL 1984, ACI COMMITTEE 544 [17] 
published its guidelines on specification of mixing, 
placing and finishing steel fibre reinforced concrete .Guidance 
is provided in mixing techniques to achieve uniform 
mixtures, placement techniques to ensure adequate 
compaction and finishing technique for surface texture. 
IN 1985, FANILLA and NAAMAN [19] reported the 
stress-strain properties of steel fibre concrete in 
compression. The strain at the peak stress of fibre 
concrete was found to vary linearly with the volume 
of fibre fraction. 
IN 1987, BRAIN B.HOPE and ALAN K.C [20] studied 
the effects of chloride in concrete containing dihydrate 
calcium chloride and chloride bearing aggregates. They 
concluded that corrosion of steel increases with 
increasing chloride content and the threshold limit 
appeared to be between 0.2 and 0.4% of dihydrate calcium 
chloride by mass of cement. 
IN 1987, RAMAKRISHNAN and JOSIFEk [21] studied 
the characteristic strength and the flexural fatigue 
strength of steel fibre concrete. It was concluded 
when compared with plain concrete,the fibre concrete 
has less bending and was more stable. The mode of 
failure was observed to change from brittle failure 
to fully ductile failure with great increase in post 
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crack energy absorption capacity. There was a sig-
nificant increase in toughness index. 
IN 1987, PARAMASIVAM and LEE [22] proposed a model 
to predict the behaviour of steel fibre concrete (SFC), 
which have shown to give good prediction of the load 
deflection behaviour when compared with the experi-
mental results. It provides the rational basis for 
an idealised tensile stress-strain curve that can be 
the analysis of SFC members. 
IN 19 87, DWARKANATH and NAGRAJ [23] studied the 
flexural behaviour of fibre concrete beams. They 
observed that, in the case of under-reinforced beam 
with partial inclusion of fibres over half the depth 
is equally beneficial as the full depth inclusion in 
controlling cracks and deflections, as well as in 
increasing the stiffness of the beam, right from the 
beginning of loading upto the failure. 
IN 1987, LIM, PARAMASIVAM and LEE [24] proposed 
an expression to predict the m-^ and p-6 behaviour 
of simply supported RSFC beams, when tested under third 
point and centre point loads. The analytical approach 
serves as a useful tool to study the strength and 
deformation of RFSC beams in bending. 
IN 1987, LIM, PARAMASIVAM and LEE [25] performed 
experimental investigation into the deformational 
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behaviour and the strength of reinforced steel fibre 
concrete (RSFC) beams in flexure. It was shown that 
RFSC beams with reinforcement have increased flexural 
strength and ductility at ultimate load when compared 
to similarly concrete beams with conventional rein-
forcement. They also found that analytically predicted 
m-(}) and p-6 curves agree with experimental results. 
IN 1989, RACHEL, DETWILER and BRADY [26] studied 
the durability of concrete in freezing and thawing 
conditions.They observed that freeze-thaw test cannot 
predict the service life span of concrete. The results 
obtained can be used only to indicate, wheather a 
given concrete is likely to provide satisfactory 
service or not. 
IN 198 9, M. MOUKWA, M. PEGION AND H. HORNAIN [2 7] 
studied the freeze-thaw durability of air entrained 
conrete in sea water for marine construction.They used 
two laboratory procedures. The first one involves the 
approximation of freeze-thaw conditions, which the 
concrete undergoes in tidal zone. The second method 
was based on the procedure recommended in ASTM C666. 
The experiments were performed in fresh water and sea 
water.The results of the study suggested that, in the 
performance of concrete under arctic conditions, 
surface effect plays an important role in the de-
terioration mechanism. 
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IN 1989, A.S. RASHEED-UZ-ZAFAR, GAHTANI and AL-
SADOUN [28] studied the influence of construction 
practices on concrete durability. The variables studied 
were curing period and degree of consolidation on 
corrosion resistance of concrete. The results showed 
that 28 days curing performed 4.4 times better in 
terms of corrosion of reinforcememt and showed 59% 
strength reduction when compared to concrete cured 
for 7 days. Degree of consolidation too has a sig-
nificant effect on concrete durability. With 60% 
consolidation, the time of initiation of corrosion 
was found to be 76% that of specimens where full 
consolidation was achieved. 
IN 1990, KOSA and NAAMAN [30] carried out extensive 
experimental investigation of the deterioration of 
steel fibre concrete. Two parallel test programmes 
were conducted, one dealt with the effect of corrosion 
on steel fibre mortar specimens and the other dealt 
with the effect of using precorroded fibres in mortar 
specimen. All experimental results seems to indicate 
that after a certain degree of corrosion, strength 
and toughness decrease with an increase in the degree 
of corrosion primarily due to reduction of minimum 
fibre diameter. 
IN 1990, CHERN and YOUNG [31] showed that, the 
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older the specimen, the lesser will be the shrinkage. 
Steel fibres restrain deformation more effectively at 
stages, due to the development of high interfacial 
bond strength between fibres and matrix. The shrinkage 
of SFC is less for specimen containing fibres with 
higher aspect ratio. 
IN 1991, MANSUR and YOUNG [32] suggested that 
reduction in the shear span-depth increases, both the 
diagonal cracking and ultimate shear of SFC beams. 
Addition of discrete steel fibres in the concrete mix 
provides better crack control and enhances the strength 
and deformation characteristics of deep beams con-
taining conventional reinforcement. 
IN 1993, SWAMY, JONES and CHAIM [32] studied the 
influence of steel fibres on shear resistance of light 
weight concrete I-BEAMS. They found fibres had enhanced 
the first cracking load both in flexure and shear. 
Also it was observed that towards the support there 
were increased number of cracks of smaller width 
which were wider, when compared to the corresponding 
plain concrete beams. 
IN 1994, MIRCEA, LOANI, FILIP and PEPNAR [33] 
studied long term durability of reinforced concrete 
elements in aggresive environment.Tests were performed 
and the influence of long term aggresivity and 
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cracking pattern of concrete was established. They 
observed a decreace of 2% in density and a significant 
increase of modulus of elasticity (25% for normal 
concrete and 12% for light weight concrete). 
IN 1994, GJORV,TAN and ZHANG [34] worked on 
diffusivity of chlorides from sea-water into high 
strength light weight concrete. They concluded that,the 
presence of silica fume had most dominating effect 
on chloride diffusivity, while fine aggregate as well 
as coarse aggregate had only minor effects on diffusivity. 
IN 1994, K.H.TAN, P. PARAMASIVAM and K.C. TAN [35] 
concluded that the inclusion of steel fibres increases 
first crack, flexural strength and postcracking flexural 
stiffness of reinforced concrete beams. Both the 
instantaneous and long term deflections of SFC beams 
were smaller when compared to plain concrete beams 
and are reduced nearly by 20 to 30% on addition of 
2% steel fibres by volume. 
IN SEP-OCT 1995, P.S.MANGAT and M.KHATIB [3 6] 
showed that cement replacement by 22 to 32% weight 
of flyash produced maximum sulphate resistance,the 
sulphate resistance being superior in initially air 
cured specimens compared with wet cured specimens.They 
also showed that with the inclusion of 5 to 15% silica 
fume also resulted in a great improvement in sulphate 
resistance. 
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2.3 PRESENT WORK 
An experimental investigation has been caried out, 
to study the effect of salinity on the flexural strength 
of Reinforced Steel-Fibre Concrete (RSFC) elements. 
As a part of a more comprehensive programme, in which 
the durability of RSFC elements will be assessed after 
a long study, the present^is an effort to compare 
the strength of elements mixed and cured with the 
saline water with the elements mixed and cured with 
potable water. In all 24 flexural elements have been 
cast, out of which 18 elements were tested for flexural 
strength at the end of 45 days. Nine out of 18 elements 
were mixed and cured with potable water and the 
remaining with saline water (Reconstituted Sea Water). 
The main objectives of the present investigation is 
to study and observe the effect of salinity on fibrous 
concrete. For comparative study three specimens each 
of potable and saline water containing different 
percentages (0.0, 0.1 and 0.2 ) of fibres along with 
0.4 percent of, steel reinforcement (4mm (j) bars) are 
selected. Keeping in view, the efficient transfer of 
stresses from the matrix to the fibres, an aspect 
ratio of 72 is considered. Other details of material 
properties are given in Table 3.1. 
Test for the determination of workability, ultimate 
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tensile strength and compressive strength were carried 
out. During and after the investigation on flexural 
strength under two conditions, emphasis was given to 
the following observations: 
a) Load Deflection Relation 
b) Load at first crack and at failure 
c) Crack pattern 
d) Flexural Strength and 
e) Comparison of Results 
A theoritical formula of ultimate moment of 
resistance suggested by T.Y. Lim, P. Paramasivam and 
S.L. Lee [25] has been used to compare with the 
experimental results. The formula proposed takes into 
account the strength contribution of fibres both in 
tension and in compression zone. 
' ^ 
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3 SCHEME OF EXPERIMENTATION 
3 . 1 GENERAL 
In order to study the effect of salinity(e.g.,sea water) 
on the strength of reinforced steel fibre concrete(RSFC) 
elements, eighteen rectangular concrete elements along 
with their control specimens have been cast. Nine of 
these have been mixed and cured with saline water 
and the remaining with potable water. The size of 
each element is 900mm x 150mm x 40mm. The sectional 
properties of the element is shown in Fig.3.1. Keeping 
percent of steel bars constant and varying the percent 
of steel fibres, an effort has been made to compare 
the strength of the two elements mixed and cured with 
potable and saline water respectively. The durability 
aspect being a long term study, six extra specimens 
will be tested at the later stage for their strength 
assessment. The present study is more to assess the 
effect of salinity on fibrous concrete at the end 
of 45 days than the durability aspect which is a long 
term study. 
3.2 PREPARATION OF SPECIMENS 
i) MATERIALS 
a) Fibres - The fibres produced by cutting steel 
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wires of diameter 0.4166mm (27 SWG. ) have been used 
throughout the experiment. The properties of steel 
fibre and its matrix were determined in the laboratory 
and are given in Table 3,1 
b) Cement - Ordinary Portland Cement (43 GRADE) has 
been used in the mix. The physical properties were 
determined in the laboratory as per 13:269-1967 
and are given in Table 3.2. 
c) Fine Aggregate - Locally available coarse sand 
has been used as fine aggregate.Physical properties 
and the grading of sand are given in Table 3.3a. 
d) Coarse Aggregate - Locally available crushed stone 
aggregate, 10mm maximum size has been used. Its grading 
as determined in the laboratory is given in Table 
3 . 3b. 
The grading requirements for 10mm maximum aggregate 
size and the physical properties of the aggregates 
used are given in table 3.4 and 3.5 respectively. 
e) Water - Both potable and saline water (recon-
stituted sea water) have been used for mixing and 
curing of the specimens. For the preparation of saline 
water,the compounds in order of addition to potable 
water are given in Table 3.6. The quantities of 
different compounds were taken from Standared Methods 
[37] . 
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ii) CONCRETE MIX 
The aim of proportioning concrete, involves the 
determination of the most economic proportions of 
cement, aggregates and water which will give the 
desired strength of concrete, proper workability and 
durability. Experience has shown that the water-cement 
ratio, aggregate-cement ratio,grading of aggregates, 
aggregate particle shape and texture are the most 
important factors in concrete mix design.Of the methods 
available for mix design,the Road Research Laboratory 
(RRL) method [11] has been chosen for this work, which 
is based on the following parameters as described here 
in reference of the present work. 
a) Nominal maximum size of the aggregate - 10mm 
b) Type of aggrgate - Irregular 
c) Grading of aggregate - There are four type of gradings 
given in RRL method for 10mm maximum size aggregate 
and is presented in Table 3.4. Previous study over 
the strength of concrete mix based on four different 
grading curve of 10mm maximum size aggregate, 
reveals that curve 2 and curve 3 give comparatively 
better results and hence,CURVE 3 has been taken into 
consideration in the present work. Aggregates were 
then graded according to curve 3 to achieve best 
performance of the mix. 
d) Workability of cement concrete mix - As the 
specimens were not conventionally reinforced, vibra-
tion, was used for compaction and the degree of 
workability was taken as medium. 
e) Aggregate compressive strength - The RRL method 
also uses the characteristic strength and standard 
deviation concepts. For this purpose, tables have been 
prepared based on aggregate-cement ratio for different 
water-cement ratios, different degrees of workability 
and different types of aggregates.For a ratio of 
1:1.5:3, the aggregate cement ratio is 4.5 and a water-
cement ratio of 0.57 has been considered. Thus to 
get a 19.80kg of cement concrete, 16.20kg aggregate 
satisfying curve 3 and 3.6kg cement was mixed in dry 
conditions and then 2.00 litres of water was added 
to get the plain mix. The volume of fibre content 
was changed into weight of fibres by multiplying 
it with its density.Thus weight of fibres according 
to the percentage volume was added before adding water 
to get fibrous concrete. The properteis of plain 
and fibrous concrete prepared by following the curve 
3 are given in Table 3 .X 
ill) CASTING AND CURING 
Test specimens as discussed earlier have been cast 
(Photograph 1) and cured under laboratory conditions. 
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Initially, aggregates wejre seived and the material 
retained on each sieve was separated out. Quantities 
of cement and aggregates of different size by weight 
as per CURVE 3, were taken and dry mixed in the 
mixer for two minutes. Required quantity of water 
(potable or saline) was then added and the drum was 
rotated for further two minutes to obtain a homogeneous 
mix. While preparing fibrous concrete, fibres were 
added sprinkling manually in the mixer before 
charging water into it. Care was taken to prevent 
agglomeration of fibres, and uniform distribution of 
fibres was assured. The dry ingrediants were mixed 
thoroughly along with water for over two minutes to 
obtain a homogeneous mix o£ fibrous concrete. Concrete 
mix (plain or fibrous),so produced was placed in 
the wooden mould along with their reinforcing mesh 
to be compacted on the vibrating table, vibrating at 
a speed of 6000 rpm. The specimens,on demoulding after 
24 hours were marked and cured for 45 days. These 
were then tested. 
3.3 TESTING SCHEDULE 
For compressive strength of concrete,150mm cubes were 
tested on 200 tonnes AIMIL compression testing machine 
as per 13:516-1964 at a loading rate of 140kg/cm^per 
minute(i.e.,30 tonnes per minutes).The set up is shown 
30 
in Photograph 2. Two dial gauges having a least count 
of 0.01mm was placed in diametrically opposite di-
rection to measure the deflection. The strains were 
calculated using average deflection of the two gauges. 
For flexural strength, testing of the elements 
were performed as per 18:516-1959 on an Universal 
Testing Machine (least count 0.2t) whose maximum 
capacity (SOtonnes) was changed to 5 tonne maximum 
at the time of testing. The elements were tested at 
third points of the supporting span,that is 250mm from 
the either support.The arrangement of the test set 
up is shown in Photograph 3. The rate of loading applied 
was 0,6t/minute,which gradually increases such that 
the increase in extreme fibre stress was approximately 
7kg/cm per minute. The loading was increased until 
the specimen failed and the maximum load applied to 
the specimen during the test was recorded. Deflections 
at the centre have been recorded and same has been 
reported. The deflections were measured with dial 
gauges having an accuracy of 0.01mm. 
Chapter 4 
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4 TEST RESULTS AND ANALYSIS 
4 .1 PRESENTATION OF TEST RESULTS 
The observations made during the test of rectangular 
elements are summarised as load vs deflection, and 
are presented in tabular form. Three specimens each 
having 0.0%, 0.1% and 0.2% fibres were mixed and cured 
with saline water, in order to have a comparative 
study with counterpart potable water specimens. All 
the results are based on the average of three specimen. 
For control specimen, observations made during their 
compressive strength tests are presented as stress-
strain values in tabular form. The test results of 
cubes are presented from table 4.1a to 4.6, whereas 
for flexural specimen, the results are tabulated in 
tables 4.7a to 4.12. 
4.2 ANALYSIS AND COMPARISON OF TEST RESULTS 
WORKABILITY 
Workability is the ease with which the concrete can 
be placed, compacted and finished. While casting 
specimens, the workability of plain and fibre concrete 
with potable and saline water was assessed by carying 
out compaction factor test as per 18:5515-1969. The 
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results of the test are presented in Table 3.1. It 
was observed that while mixing (plain or fibrous) with 
saline water there was an increase in normal bleeding 
tendency, which may be due to the reduced surface 
tension. 
COMPRESSIVE STRENGTH 
In all 18 cubical control specimens (Photograph 1) 
were cast for the determination of compressive strength. 
For all the cubes their load carrying capacity along 
with the corressponding deflections were measured 
(Photograph 2) . These observations are presented in 
tabular form as stress-strain values (table 4.1a to 
4.4). Cubes of Saline Water, as expected showed small 
but a measurable decrease in its compressive strength, 
when compared with the strength of the cubes mixed 
and cujred with potable water (Table 4.4) . Although 
with the increase in the percentage of fibre the 
compressive strength increased for both the type (PC 
& SC) of cubes (as the vertical crack which developed 
due to lateral strains, were bridged by the fibres 
and therefore fibres arrested further propagation 
of crack resulting in an increase of compressive 
strength). But on comparing the ultimate compressive 
strength (at failure) of cubes mixed and cured with 
saline water (Table 4.5), the reduction in the average 
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ultimate compressive strength has been of the order 
of 1.19 percent for 0.0% fibre cube, whereas for cubes 
having 0.1 and 0,2 percent fibres, the decrease has 
been of the order of 2.17 and 3.03% respectively. 
In order to have a more clear picture about the behaviour 
of potable and saline water cubes subjected to compressive 
load, a comparison curve showing stress vs strain 
relationship for cubes mixed and cured with potable 
and saline water has been in Fig.4.1. Thus we can 
say that for the same percentage of fibres (V^) , cubes 
made of saline water has relatively decreased strength 
than the cubes mixed and cured with potable water. 
MODULUS OF ELASTICITY 
For the determination of modulus of elasticity, stress 
representing 33 percent of the ultimate compressive 
strength has been considered. The values obtained are 
presented in Table 4.6. Modulus of elasticity at higher 
percentage of fibres has increased but for the corresponding 
cubes made of saline water a decreasing trend is 
observed, 
FLEXURAL STRENGTH 
For flexural strength, RSFC elements of size 150mm 
X 40mm and 900mm long were cast (photograph 1) 
Photograph 3 and Fig.3.1 shows the loading arrangement 
and the reinforcement details. The elements tested 
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were designated as PFR2/0.0, SRF2/0.0, PRF2/0.1, SRF2/ 
0.1, PRF2/0.2 and SRF2/0.2. The first number designates 
the number of 4 mm ^ main reinforcement bars and the 
second the volume fraction of fibres incorporated, 
whereas PRF and SRF stands for reinforced fibre elements 
made with potable and saline water respectively. 
For all the elements, load at first crack, ultimate 
load and the central deflections corresponding to 
intermediate load have been measured. These obser-
vations are presented as load deflection values in 
tables 4.7a to 4.10. It can be seen from Table 4.10 
that, with the increase in the percentage of fibres, 
the failure load as well as load at first crack increased 
for both the type of flexural element. But for the 
same V^, the load carrying capacity of elements mixed 
and cured with saline water has marginally decreased 
when compared with the potable water elements. Table 
4.11 representing flexural strength (for calculations, 
see Appendix) of various elements, clearly shows a 
decrease in the flexural strength of the elements made 
of saline water, which may due to the reasons as stated 
in section 1.4. This decrease is of the order of 2.97 
percent for conventially reinforced element whereas 
for RSFC elements, it is 3.36 percent in 0.1% fibre 
element and in 0.2% fibre element the reduction is 
of the order of 3.7 percent (Table 4.12) . 
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For better understanding of the nature of load 
deflection curve, a comparison graph (Fig. 4.2) has 
been drawn, which clearly shows improved ductility 
at higher percentages of fibre as compared to the 
curves of element having 0.0% fibre i.e. the con-
ventionally reinforced element. This property of RSFC 
members make them an attractive alternative for 
structures in earthquake prone areas or those needing 
blast pirotection. 
CRACKING MECHANISM 
Improved crack-arresting capabilities and smaller 
maximum crack width, as well increase in ductility, 
fatigue and impact resistance of fibre reinfored 
concrete are all related to beneficial effect of fibres 
on the cracking mechanism. Once the first crack was 
formed, the presence of fibres prevented the sudden 
failure as was observed in the conventional RCC flexural 
elements. The failure mechanism was due to the fibre 
pull out and not fibre rupture while increasing the 
load on SFRC elements. This failure mechanism 
basically is a function of fibre fraction and its 
characteristics. Hence the presence of fibres provides 
a load transfer mechanism even after the crack, had 
developed. The crack propagation in the element (PRF 
& SRF) is almost vertical to the horizontal axis of 
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the element and is usually linear across the width. 
The cracks developed are in the bending zone and hence 
the failure is due to flexure. (photograph 4) . The 
minor cracks which diminished after the removal of 
loads were mainly due to crack arrest mechanism of 
fibre concrete. 
4.3 CONCLUSION AND DISCUSSION 
The present study has been carried out to assess the 
effect of salinity on the flexural strength of RSFC 
elements. The following are the conclusions drawn on 
the basis of present investigation. 
With the addition of saline water in the mix (plain 
or fibrous), increase in normal bleeding was detected. 
The compressive strength with the increase in fibre 
fraction increases, but for the same fibre fraction, 
the compressive strength of the cubes mixed and cured 
with saline water has marginally decreased. 
For the same fibre content and manner of loading, 
elements of saline water shows decrease in load carrying 
capacity over their counter parts. 
Flexural deflections at intermediate and at ultimate 
loads seems to be more in saline water elements as 
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compared to potable water elements. Also at the same 
load, the deflection in the conventionally reinforced 
element is more as compared to RSFC elements, which 
shows ductile behaviour and hence are much stiffer. 
The addition of fibres has increased the ultimate 
flexural strength, which is primarily due to the 
increase in maximum post-cracking strength, which in 
turn depends on volume fraction, aspect ratio and the 
bond strength of the fibres. But on comparison of 
the element with same volume fraction, the elements 
of saline water showed a marginal decrease in their 
flexural strength. 
The crack width of RSFC were found less as compared 
to the conventional reinforced concrete flexural 
elements. 
Finally for the period and exposure conditions 
(accelerated) used in this study, corrosion of surface 
fibres as well as pitting corrosion {at the failure 
section) on the reinforcement has been detected for 
the specimen mixed and cured with saline water leading 
to the reduction of the diameter of steel fibres, 
which may be the reason of the reduction in strength 
of the saline elements. 
TABLE 3.1 MATERIAL PROPERTIES 
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Properties Symbol Values 
d 
1/d 
Pf 
A)STEEL FIBRE (straight) 
Diameter 
Aspect ratio 
Unit weight 
Ultimate Strength 
B)STEEL FIBRE MATRIX 
Compaction Factor 
a) 0.0% Fibre 0.92 
b) 0.1% Fibre 0.91 
c) 0.2% Fibre 0.89 
Ultimate Tensile Strength a^ *^ 
a) 0.1% Fibre 
b) 0.2% Fibre 
Ultimate Compressive Strength a^ *^ 
a) 0.0% Fibre 
b) 0.1% Fibre 
c) 0.2% Fibre 
C)STEEL REINFORCEMENT 
Diameter (j)^ 
Yield Stress a 
0.4166mm (27SWG) 
72 
7189.5 Kg/m^ 
424 N/mm= 
Potable water Saline water 
0.94 
0.93 
0.91 
0.35 N/mm^ 
0.50 N/mm^ 
21.00 N/mm= 
23.00 N/mm= 
24.75 N/mm= 
4.00 mm 
. 260 N/mm^ 
Mix proportions are 1:1.5:3.0:0. 57 (Cement: Sand: Coarse agg. : Water) 
* Average of three specimens 
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TABLE 3.2 PROPERTIES OF CEMENT 
S.No. Properties Observed Values 
1. 
2. 
3. 
4. 
Consistency 
Initial setting time (min.) 
Final setting time (min.) 
Compressive strength of 1:3 cement 
sand mortar (N/mm=) 
(a) 3 days 
(b) 7 days 
Tensile strength of 1:3 cement 
sand motar {N/mm=) 
(a) 3 days 
(b) 7 days 
29.5% 
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457 
20.2 
30.4 
1.95 
2.60 
TABLE 3.3a SIEVE ANALYSIS (Coarse Sand) 
I.S, 
sieve 
Size 
10.0 0mm 
4.75mm 
2.3 6mm 
1.18mm 
600 micron 
300 micron 
150 micron 
Weight 
Retained 
(g) 
50 
30 
70 
220 
250 
180 
200 
C\ainulative 
Weight 
Retained(g) 
50 
80 
150 
370 
620 
800 
1000 
%Cxunulative 
Weight 
Retained 
5.0 
8.0 
15.0 
37.0 
62.0 
80.0 
100.0 
Fineness Modulus = 3.07 
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TABLE 3.3b SIEVE ANALYSIS (Coarse Aggregate) 
I.S,. 
sieve 
Size 
10.0 0mm 
4.7 5mm 
2.3 6mm 
1.18mm 
600 micron 
3 00 micron 
150 micron 
Weight 
Retained 
(kg) 
3.985 
0.552 
0.463 
0.000 
0.000 
0.000 
0.000 
Comulative 
Weight 
Retained(kg) 
3.985 
4.537 
5.000 
5.000 
5.000 
5.000 
5.000 
%Cumulative 
Weight 
Retained (kg) 
79.70 
90.40 
100.0 
100.0 
100.0 
100.0 
100.0 
Fineness Modulus = 6.71 
TABLE 3.4 GRADING CURVE FOR lOmm MAXIMUM AGGREGATE SIZE 
I.S. 
sieve 
Size 
10.0 0mm 
4 .75mm 
2.3 6mm 
1.18mm 
6 00 micron 
300 micron 
150 micron 
Curve-
0 
70 
10 
3 
6 
7 
4 
Percentag 
•1 
e Wei 
Curve-2 
0 
55 
12 
7 
7 
11 
7 
ght Retained 
Curve-3 
0 
40 
14 
9 
9 
14 
10 
Curve-4 
0 
25 
15 
14 
12 
14 
14 
Curve Used For Present Work 
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TABLE 3 . 5 PHYSICAL PROPERTIES OF AGGREGATE 
S.No. Properties Observed Values 
C r u s h i n g v a l u e of a g g r e g a t e u s e d 
S i l t c o n t e n t i n s a n d 
B u l k i n g of s and 
36.4% 
1.15% 
17.6% 
TABLE 3 . 6 COMPOUNDS OF SALINE WATER ( R e c o n s t i t u t e d S e a Water) 
Compounds in order 
of addition 
Final concentration 
(mg/1) 
NaF 
S r C l ^ . S H ^ O 
H3BO3 
KBr 
KCl 
C a C l 2 . 2 H 2 0 
Na^SO^ 
MgCl^.eH^O 
NaCl 
N a 2 S i 0 3 . 9 H 2 0 
NaHCO. 
3 
20 
30 
100 
700 
1 4 7 0 
4 0 0 0 
1 0 7 8 0 
2 3 5 0 0 
20 
200 
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TABLE 4.1a STRESS STRAIN VALUES OF CUBES MIXED AND CURED 
WITH POTABLE WATER (0.0% Fibre) 
stress 
N/mm' 
Strain Stress 
N/mm» 
Strain 
xlO'' 
Stress 
N/mm' 
Strain 
xlO'' 
Av.Stress 
N/mai' 
Av.Strain 
xlO'^  
2.22 0.13 
4.44 0.3 0 
6.66 0.42 
8.88 0.65 
11.11 0.76 
13.33 0.82 
15.55 1.20 
17.77 1.57 
20.00 2.01 
21.75 2.87 
20.00 3.46 
19.00 3.77 
2.22 
4.44 
6.66 
8.88 
0.18 
0.33 
0.50 
0.72 
2.22 0.27 
11.11 0.91 
13.33 1.07 
15.55 1.41 
17.77 1.74 
20.00 2.17 
20.50 2.96 
20.00 3.52 
18.00 3.87 
4.44 
8.88 
0.48 
6.66 0.72 
0.92 
11.11 0.98 
13.33 1.36 
15.55 1.63 
17.77 1.96 
20.00 2.37 
20.50 3.03 
20.00 3.42 
18.00 3.81 
17.77 4.11 
2.22 
4.44 
6.66 
8.88 
0.20 
0.35 
0.55 
0.70 
11.11 0.90 
13.33 1.10 
15.55 1.40 
17.77 1.75 
20.00* 2.20 
21.00* 2.95 
20.00 3.77 
18.00 4.15 
16.66 4.35 
- Change of Linearity 
« First Crack Value 
* Failure Value 
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TABLE 4.1b STRESS STRAIN VALUES OF CUBES MIXED AND CURED 
WITH SALINE WATER (0.0% Fibre) 
17.77 4.27 15.55 4.97 
S t r e s s 
N/mm' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 1 . 0 0 
2 0 . 0 0 
1 8 . 0 0 
S t r a i n 
xlO"' 
0 
0 . 1 4 
0 . 2 9 
0 . 4 1 
0 . 5 8 
0 . 6 3 
1 . 0 0 
1 . 1 8 
1 . 6 5 
2 . 1 1 
2 . 4 6 
3 . 3 3 
3 . 8 7 
S t r e s s 
N/mm' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 0 . 7 5 
2 0 . 0 0 
1 7 . 7 7 
S t r a i n 
xlO"' 
0 
0 . 1 9 
0 . 4 0 
0 . 5 6 
0 . 8 2 
1 . 0 1 
1 . 1 8 
1 . 5 6 
1 . 8 0 
2 . 2 3 
2 . 7 6 
3 . 5 4 
4 . 5 1 
S t r e s s 
N/nnn' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 0 . 2 5 
2 0 . 0 0 
1 9 . 0 0 
S t r a i n 
xl-y 
0 
0 . 2 2 
0 . 4 7 
0 . 6 6 
0 . 9 6 
1 . 1 1 
1 . 3 5 
1 . 5 8 
1 . 9 1 
2 . 4 7 
2 . 9 0 
3 . 3 4 
3 . 6 3 
A v . S t r e s s 
N/nvm' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 " 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
1 9 . 2 5 * 
2 0 . 0 0 
2 0 . 7 5 * 
2 0 . 0 0 
Av.strain 
xlO'^ 
0 
0 . 2 0 
0 . 3 5 
0 . 5 5 
0 . 7 0 
0 . 9 0 
1 . 1 0 
1 . 4 0 
1 . 7 5 
2 . 0 5 
2 . 3 0 
2 . 8 0 
3 . 5 0 
17.77 3.90 
15.55 4.25 
- Change of Linearity 
« First Crack Value 
* Failure Value 
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TABLE 4 . 2 a STRESS STRAIN VALUES OF CUBES MIXED AND CURED 
WITH POTABLE WATER ( 0 . 1 % F i b r e ) 
s t r e s s 
N/iriBi" 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 2 . 2 2 
2 3 . 4 0 
2 0 . 0 0 
S t r a i n 
x l O ' ' 
0 
0 . 1 1 
0 . 2 2 
0 . 3 5 
0 . 4 6 
0 . 6 6 
0 . 7 4 
1 . 0 7 
1 . 3 0 
1 . 8 6 
2 . 5 7 
3 . 1 3 
4 . 2 2 
S t r e s s 
N/mm' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 2 . 2 2 
2 0 . 0 0 
S t r a i n 
xlO"' 
0 
0 . 1 4 
0 . 3 5 
0 . 5 1 
0 . 7 4 
0 . 9 0 
1 . 0 2 
1 . 3 0 
1 . 6 7 
2 . 1 4 
2 . 7 7 
4 . 3 5 
S t r e s s 
N/mm' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 2 . 2 2 
2 0 . 0 0 
1 7 . 7 7 
S t r a i n 
xlO"^ 
0 
0 . 2 2 
0 . 4 1 
0 . 6 0 
0 . 6 4 
1 . 0 0 
1 . 0 5 
1 . 2 6 
1 . 7 3 
2 . 2 0 
2 . 8 1 
4 . 3 6 
4 . 9 1 
A v . S t r e s s 
N/mm' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 0 0 " 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 * 
2 2 . 2 2 
2 3 . 0 0 * 
2 2 . 2 2 
Av.s t ra in 
x l O ' ' 
0 
0 . 1 5 
0 . 3 0 
0 . 4 5 
0 . 6 0 
0 . 7 5 
0 . 9 0 
1 . 1 5 
1 . 5 5 
2 . 0 0 
2 . 6 5 
3 . 3 5 
3 . 8 5 
1 7 . 7 7 5 .20 2 0 . 0 0 4 . 5 5 
17.77 4.95 
15.55 5.30 
Change of L i n e a r i t y 
« F i r s t Crack Value 
* F a i l u r e Value 
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TABLE 4 . 2 b STRESS STRAIN VALUES OF CUBES MIXED AND 
CURED WITH SALINE WATER ( 0 . 1 % F i b r e ) 
stress 
N/mm' 
Strain Stress 
N/mm' 
Strain 
xlO"^ 
Stress 
N/mm' 
Strain 
xlO"^ 
Av.Stress 
N/mm' 
Av.Strain 
xlO'^  
2 .22 0 . 1 1 
4 . 4 4 0 . 2 1 
6 .66 0 .36 
8 .88 0 .46 
1 1 . 1 1 0 . 6 1 
1 3 . 3 3 0 .8 0 
1 5 . 5 5 1.17 
17 .77 1.47 
2 0 . 0 0 2 . 0 0 
2 1 . 7 5 2 . 5 1 
23 .00 3 .15 
2 0 . 0 0 4 . 0 6 
17 .77 4 . 5 6 
2 . 2 2 0 .14 
4 . 4 4 0 . 3 5 
6 .66 
8 . 8 8 
0 . 4 8 
0 . 7 4 
1 1 . 1 1 0 .86 
1 3 . 3 3 1 .01 
1 5 . 5 5 1 .41 
1 7 . 7 7 1 .81 
2 0 . 0 0 2 . 2 4 
2 1 . 7 5 2 . 9 0 
2 2 . 0 0 3 .19 
2 0 . 0 0 4 . 0 1 
1 7 . 7 7 4 . 5 1 
2 . 2 2 
4 . 4 4 
6.66 
8 . 8 8 
0 .18 
0 . 3 9 
0 .56 
0 . 7 7 
1 1 . 1 1 0 . 9 1 
1 3 . 3 3 1.14 
1 5 . 5 5 1.48 
17 .77 1.85 
2 0 . 0 0 2 . 3 5 
2 1 . 7 5 2 . 9 3 
2 0 . 0 0 3 . 8 5 
17 .77 4 . 3 0 
1 5 . 5 5 5 .20 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
0.15 
0 . 3 0 
0 . 4 5 
0.60 
1 1 . 1 1 0 .75 
1 2 . 5 0 " 0 .95 
1 5 . 5 5 1.25 
1 7 . 7 7 1.65 
1 9 . 5 5 1.85 
2 0 . 0 0 2 . 2 5 
2 2 . 5 0 3 . 3 0 
2 0 . 0 0 4 .15 
1 7 . 7 7 4 .70 
- Change of L i n e a r i t y 
# F i r s t C rack Va lue 
* F a i l u r e V a l u e 
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TABLE 4.3a STRESS STRAIN VALUES OF CUBES MIXED AND CURED 
WITH POTABLE WATER (0.2% Fibre) 
s t r e s s 
N/nvm» 
S t r a i n S t r e s s 
N/mm' 
S t r a i n S t r e s s 
N/rom' 
S t r a i n 
x l O ' ' 
A v . S t r e s s 
N/mm' 
Av.Strain 
xlO" ' 
2.22 0.08 
4.44 0.14 
6.66 0.24 
8 .88 0.35 
11.11 0.41 
13.33 0.62 
15.55 0.65 
17.77 1.01 
20.00 1.40 
22.22 2.20 
2 5.00 3.33 
22.22 4.36 
21.25 5.91 
2.22 
4.44 
6.66 
8.88 
0.10 
0.23 
0.36 
0.51 
11.11 0.68 
13.33 0.76 
15.55 0.82 
17.77 1.02 
20.00 1.63 
22.22 2.41 
23.75 3.65 
22.22 5.23 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 2 . 2 2 
2 4 . 4 4 
2 2 . 2 2 
2 0 . 0 0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
3 
4 
6 
1 8 
3 1 
4 1 
6 2 
7 1 
8 1 
9 1 
2 6 
. 7 1 
. 5 0 
. 3 5 
. 7 5 
. 1 8 
2.22 
4.44 
8.88 
0.10 
0.20 
6.66 0.35 
0 .45 
11.11 0.55 
13.33" 0.70 
15.55 0.85 
17.77 1.15 
20.00 1.55 
22.81 2.35 
24.75 3.55 
22.22 4.90 
20.00 5.80 
~ Change of Linearity 
# First Crack Value 
* Failure Value 
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TABLE 4.3b STRESS STRAIN VALUES OF CUBES MIXED AND CURED 
WITH SALINE WATER (0.2% Fibre) 
s t r e s s 
N/nun' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 2 . 2 2 
2 4 . 0 0 
2 2 . 2 2 
2 0 . 0 0 
S t r a i n 
xlO"' 
0 
0 . 0 7 
0 . 1 3 
0 . 2 1 
0 . 3 6 
0 . 4 6 
0 . 5 1 
0 . 7 6 
1 . 1 5 
1 . 6 5 
2 . 2 1 
3 . 2 1 
4 . 3 5 
5 . 9 7 
S t r e s s 
N/nnn' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 2 . 2 2 
2 4 . 4 4 
2 2 . 2 2 
S t r a i n 
xlO'^ 
0 
0 . 0 9 
0 . 2 4 
0 . 3 8 
0 . 4 4 
0 . 5 3 
0 . 7 7 
1 . 0 1 
1 . 4 3 
1 . 96 
2 . 2 3 
3 . 4 3 
4 . 5 7 
S t r e s s 
N/nvm' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 2 . 2 2 
2 3 . 7 5 
2 2 . 2 2 
2 0 . 0 0 
S t r a i n 
xlO"' 
0 
0 . 1 3 
0 . 3 1 
0 . 4 2 
0 . 5 2 
0 . 6 5 
0 . 9 0 
1 . 1 1 
1 . 5 8 
2 . 0 7 
2 . 3 1 
3 . 6 1 
4 . 1 5 
5 . 7 6 
A S t r e s s 
N/mm' 
0 
2 . 2 2 
4 . 4 4 
6 . 6 6 
8 . 8 8 
1 1 . 1 1 
1 3 . 0 0 ~ 
1 3 . 3 3 
1 5 . 5 5 
1 7 . 7 7 
2 0 . 0 0 
2 1 . 6 3 * 
2 2 . 2 2 
2 4 . 0 0 * 
Av . s t r a in 
xlO'^ 
0 
0 . 1 0 
0 . 2 0 
0 . 3 5 
0 . 4 5 
0 . 5 5 
0 . 6 5 
0 . 7 5 
1 . 0 0 
1 . 3 5 
1 . 8 0 
2 . 3 0 
2 . 5 0 
3 . 4 5 
22.22 4.50 
20.00 5.45 
- Change of Linearity 
# First Crack Value 
* Failure Value 
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TABLE 4 . 4 AVERAGE STRESS STRAIN VALUES OF CUBES MIXED AND 
CURED WITH POTABLE AND SALINE WATER 
Control speci-
men with their 
Symbol 
A V E R A G E V A L U E S 
At Change of Linearity 
Stress 
N/mm' 
Strain 
xlO"' 
At first Crack 
Stress 
N/mm^ 
Strain 
xlO"^ 
At Failure 
Stress 
N/nnn' 
Strain 
xlO"^  
PCO.O 
sco.o 
PCO. l 
SCO . 1 
PC0 .2 
SCO. 2 
1 1 . 1 1 0 . 9 0 2 0 . 0 0 2 . 2 0 
1 1 . 1 1 0 . 9 0 1 9 . 2 5 2 . 0 5 
1 3 . 0 0 0 . 9 0 2 0 . 0 0 2 . 0 0 
1 2 . 5 0 0 . 9 5 1 9 . 5 5 1 . 8 5 
1 3 . 3 3 0 . 7 0 2 2 . 8 1 2 . 3 5 
1 3 . 0 0 0 . 6 5 2 1 . 6 3 2 . 3 0 
2 1 . 0 0 2 . 9 5 
2 0 . 7 5 2 . 8 0 
2 3 . 0 0 3 . 3 5 
2 2 . 5 0 3 . 3 0 
2 4 . 7 5 3 . 5 5 
2 4 . 0 0 3 . 4 5 
TABLE 4 . 5 PERCENTAGE REDUCTION I N THE ULTIMATE COMPRESSIVE 
STRENGTH OF CUBES MIXED AND CURED WITH SALINE WATER 
F i b r e 
f r a c t i o n 
U l t i m a t e Compress ive 
s t r e n g t h (N/mm^) 
POTABLE SALINE 
P e r c e n t a g e r e d u c t i o n i n t h e 
u l t i m a t e c o m p r e s s i v e s t r e n g t h 
of s a l i n e cubes 
0.0% 2 1 . 0 0 2 0 . 7 5 1 . 1 9 
0 . 1 ^ 2 3 . 0 0 2 2 . 5 0 2 . 1 7 
0 . 2 ^ 2 4 . 7 5 2 4 . 0 0 3 . 0 3 
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TABLE 4 . 6 COMPRESSIVE MODULUS OF ELASTICITY OF PLAIN AND FIBRE 
CONCRETE 
Control specimen 
with their 
Symbol 
Ultimate Compre-
ssive strength 
a^^ (N/mm') 
Stress at 
0.33 times 
O^^ (N/mm') 
Strain at 
0.33 times 
o^ (N/mm^) 
Modulus of 
elasticity 
KN/mm» 
PCO.O 21.00 6.93 0.55 12.60 
SCO. 0 20.75 6.85 0.55 12.45 
PCO.l 23.00 7.60 0.50 15.20 
SCO . 1 22.50 7.43 0.50 14.86 
PC0.2 24.75 8.20 0.40 20.50 
SCO. 2 24.00 7.92 0.40 19.80 
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TABLE 4.7a LOAD DEFLECTION VALUES OF FLEXURAL SPECIMEN MIXED 
AND CURED WITH POTABLE WATER 
{PRF2/0.0; 2# 4ittm (}) bars plus 0.0% Fibre) 
Load 
N 
D e f l e c t i o n 
mm 
Load 
N 
D e f l e c t i o n 
mm 
Load 
N 
D e f l e c t i o n 
mm 
Av. Load 
N 
Av. D e f l e c t i o E . 
mm 
0 0 
200 
400 
0.11 200 0.22 200 
0.18 400 0.35 400 
0.16 200 0.15 
0.23 400 0.25 
600 0.27 600 0.51 600 0.45 600 0.35 
800 0.37 800 0.70 800 0.58 800 0.50 
1000 0.71 1000 1.14 1000 1.05 1000 0.90 
1200 1.34 1200 1.90 1200 1.91 1200 1.60 
1400 2.75 1400 2.89 1400 2.74 
1600 4.85 1600 5.15 1600 5.09 
16 6 0 6.6 8 1720 6.87 1750 7.17 
1700 8.20 1660 9.25 1700 10.50 
1620 10.90 
1400 
1600 
1660* 
1720* 
1640 
2 . 7 0 
4 . 4 5 
5 . 0 0 
7 . 0 0 
1 0 . 2 5 
At Change of Linearity 
» First Crack value 
* Failure Value 
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TABLE 4 . 7b LOAD DEFLECTION VALUES OF FLEXURAL SPECIMEN MIXED 
AND CURED WITH SALINE WATER 
(SRF2/0 . 0; 2# 4inm (j> bars plus 0 .0% Fibre) 
Load 
N 
Deflection 
Htm 
Load 
N 
Deflection 
mm 
Load 
N 
Deflection 
mm 
Av. Load 
N 
Av. Deflection 
mm 
200 
400 
600 
800 
0.16 200 0.22 200 
0.19 400 0.32 400 
0.25 600 0.55 600 
0.37 800 0.71 800 
0.10 
0.24 
0.42 
0.5! 
1000 1.20 1000 1.27 1000 1.21 
1200 2.49 1200 2.41 1200 2.02 
1400 3.91 1400 3.39 1400 3.27 
1600 5.20 1600 5.00 1600 5.30 
1630 6.61 1700 7.11 1670 6.81 
1600 9.50 1650 9.70 1600 10.20 
200 
400 
600 
800 
1000 
1200 
1400 
1600 
1620 
1670 
1600 
0 
0.15 
0.25 
0.35 
0.50 
1.10 
2.20 
3 .40 
5.10 
5.25 
6 .85 
9. 90 
At Change of Linearity 
« First Crack value 
* Failure Value 
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TABLE 4 . 8a LOAD DEFLECTION VALUES OF FLEXURAL SPECIMEN MIXED 
AND CURED WITH POTABLE WATER 
(PRF2/0.1; 2# 4inm (j) bars plus 0.1% Fibre) 
Load 
N 
0 
2 0 0 
4 0 0 
6 0 0 
8 0 0 
1 0 0 0 
1 2 0 0 
1 4 0 0 
1 6 0 0 
1 7 6 0 
1 8 0 0 
1 8 4 0 
1 7 8 0 
D e f l e c t i o n 
mm 
0 
0 . 1 5 
0 . 3 8 
0 . 5 0 
0 . 6 2 
1 . 0 1 
1 . 3 5 
2 . 0 1 
2 . 9 2 
4 . 3 0 
5 . 5 0 
7 . 2 5 
1 2 . 2 0 
Load 
N 
0 
2 0 0 
4 0 0 
6 0 0 
8 0 0 
1 0 0 0 
1 2 0 0 
1 4 0 0 
160C 
171C 
180C 
176C 
D e f l e c t i o n 
mm 
0 
0 . 1 4 
0 . 2 7 
0 . 3 4 
0 . 5 1 
0 . 7 0 
1 . 1 9 
1 . 9 1 
3 . 0 3 
4 . 0 5 
4 . 7 3 
9 . 3 0 
Load 
N 
0 
2 0 0 
4 0 0 
6 0 0 
8 0 0 
D e f l e c t i o n 
mm 
0 
0 . 1 6 
0 . 2 1 
0 . 2 3 
0 . 3 2 
1 0 0 0 0 . 5 1 
1 2 0 0 0 . 7 5 
1 4 0 0 1 . 3 1 
1 6 0 0 2 . 7 2 
1 7 3 0 4 . 2 5 
1 8 0 0 6 . 8 0 
1 7 6 0 1 0 . 9 5 
Av. Load 
N 
0 
2 0 0 
4 0 0 
6 0 0 
8 0 0 
1 0 0 0 ' 
1 2 0 0 
1 4 0 0 
1 6 0 0 
1 7 3 0 * 
1 8 0 0 
1 8 1 0 * 
1 7 6 0 
1 7 0 0 
Av. D e f l e c t i o n 
mm 
0 
0 . 1 5 
0 . 2 5 
0 . 3 5 
0 . 5 0 
0 . 7 0 
1 . 10 
1 . 6 5 
2 . 9 0 
4 . 2 5 
5 . 2 0 
6 . 3 0 
9 . 6 5 
1 1 . 9 0 
- At Change of Linearity 
# First Crack value 
* Failure Value 
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TABLE 4 . 8b LOAD DEFLECTION VALUES OF FLEXURAL SPECIMEN MIXED 
AND CURED WITH SALINE WATER 
(SRF2/0.1; 2# 4inm(j) bars plus 0.1% Fibre) 
Load 
N 
Deflection 
mm 
Load 
N 
Deflection 
mm 
Load 
N 
Deflection 
mm 
Av. Load 
N 
Av. Deflection 
mm 
200 
400 
600 
800 
0.14 
0.23 
0.51 
1000 0.87 
1780 6.46 
200 
400 
600 
0.69 800 
0.16 200 
0.21 400 
0.24 600 
0.37 800 
0.15 
0.42 
0.71 
0 .82 
1000 0.64 1000 1.02 
1200 1.52 1200 1.06 1200 1.70 
1400 2.46 1400 1.96 1400 2.61 
1600 3.15 1600 3.40 1600 3.81 
1700 3.35 1680 3.93 1660 4.05 
1720 5.72 1740 7.75 
1750 8.88 1740 8.51 1700 11.65 
1680 12.36 1700 11.41 
200 
400 
600 
800 
860"' 
1000 
1200 
1400 
1600 
1690* 
1750* 
1740 
1700 
0.15 
0.25 
0.35 
0.50 
0.55 
0.85 
1.30 
2.20 
3 .40 
4.15 
6.10 
8.50 
10.70 
- At Change of Linearity 
t First Crack value 
* Failure Value 
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TABLE 4.9a LOAD DEFLECTION VALUES OF FLSXURAL SPECIMEN MIXED 
AND CURED WITH POTABLE WATER 
(PRF2/0.2; 2# 4inm ([) bars plus 0.2% Fibre) 
Load 
N 
Deflection 
mm 
Load 
N 
Deflection 
mm 
Load Deflection 
mm 
Av. Load 
N 
Av. Deflection 
mm 
200 0.10 200 0.13 200 0.70 200 0.10 
400 0.13 400 0.18 400 0.14 400 0.15 
600 0.24 600 0.27 600 0.24 600 0.25 
800 0.32 800 0.38 800 0.67 !00 0.40 
1000 0.35 1000 0.70 1000 0.75 1000 0.55 
1200 0.50 1200 0.90 1200 1.00 1020" 0.60 
1400 0.80 1400 1.45 1400 1.30 1200 0.75 
1600 1.25 1600 2.00 1600 1.95 1400 1.00 
1800 2.15 1800 3.00 1800 2.90 1600 1.55 
1840 3.10 1880 5.10 1880 5.3 
1940 5.90 1820 9.60 1860 10.70 
1800 
1810 
2.70 
3.00 
1870 9.95 1900 5.55 
1880 9.40 
1820 12.20 
- At Change of Linearity 
# First Crack value 
* Failure Value 
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TABLE 4 . 9b LOAD DEFLECTION VALUES OF FLEXURAL SPECIMEN MIXED 
AND CURED WITH SALINE WATER 
(SRF2/0.2; 2# 4inm (j) bars plus 0.2% Fibre) 
Load 
N 
D e f l e c t i o n 
mm 
Load 
N 
D e f l e c t i o n 
mm 
Load 
N 
D e f l e c t i o n 
mm 
Av. Load 
N 
Av. D e f l e c t i o n 
mm 
0 
200 
400 
600 
800 
0.11 
0.16 
0.31 
1200 0.86 
200 
400 
0.20 600 
800 
0 
0 
0 
0 
0 
13 
18 
39 
69 
0 
200 
400 
600 
800 
0 
0 
0 
0 
0 
12 
15 
2 1 
56 
1000 0.41 1000 0.81 1000 0.71 
1200 1.03 1200 0.79 
1400 1.00 1400 1.37 1400 1.20 
1600 1.61 1600 2.40 1600 2.20 
1800 2.75 1800 3.61 1780 2.30 
1880 4.97 1860 9.94 1800 3.40 
1800 11.00 1800 10.65 1840 6.00 
1760 11.31 
0 
200 
400 
600 
800 
1000" 
1200 
1400 
1600 
1750* 
1800 
1830* 
1800 
0 
0.10 
0.15 
0.25 
0.40 
0.55 
0.85 
1.20 
1.90 
2.90 
3.95 
5.30 
10.40 
- At Change of Linearity 
# First Crack value 
* Failure Value 
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TABLE 4 . 1 0 AVERAGE LOAD DEFLECTION VALUES OF FLEXURAL 
SPECIMENS MIXED AND CURED WITH POTABLE AND 
SALINE WATER 
Control spec i -
men with t h e i r 
Symbol 
A V E R A G E V A L U E S 
At Change of L i n e a r i t y 
Load 
N 
Def lec t ion 
mm 
At f i r s t Crack 
Load 
N 
Deflection 
mm 
At Fa i l u r e 
Load Deflection 
mm 
P R F 2 / 0 . 0 
S R F 2 / 0 . 0 
P R F 2 / 0 . 1 
S R F 2 / 0 . 1 
P R F 2 / 0 . 2 
S R F 2 / 0 . 2 
800 
800 
1000 
860 
1020 
1000 
0 . 5 0 
0 . 5 0 
0 . 7 0 
0 . 5 5 
0 . 6 0 
0 . 5 5 
1660 
1620 
1730 
1690 
1810 
1750 
5 . 0 0 
5 . 2 5 
4 . 2 5 
4 . 1 5 
3 . 0 0 
2 . 9 0 
1720 
1670 
1810 
1750 
1900 
1830 
7.00 
6.85 
6.30 
6.10 
5.55 
5.30 
TABLE 4.11 FLEXURAL STRENGTH OF REINFORCED STEEL FIBRE 
CONCRETE AND PLAIN CONCRETE ELEMENTS 
E l e m e n t wi t h 
t h e i r Legend 
P R F 2 / 0 . 0 
S R F 2 / 0 . 0 
P R F 2 / 0 . 1 
S F R 2 / 0 . 1 
P R F 2 / 0 . 2 
S F F 2 / 0 . 2 
F a i l u r e 
Load 
N 
1720 
1670 
1810 
1750 
1900 
1830 
F l e x u r a l 
S t r e n g t h , f^^ 
N/iran* 
5 . 3 8 
5 . 2 2 
5 . 6 6 
5 . 4 7 
5 . 9 4 
5 . 7 2 
Type o f 
Crack 
F l e x u r a l C r a c k 
F l e x u r a l C r a c k 
F l e x u r a l C r a c k 
F l e x u r a l C r a c k 
F l e x u r a l C r a c k 
F l e x u r a l C r a c k 
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TABLE 4.12 PERCENTAGE REDUCTION IN THE FLEXURAL STRENGTH OP 
FLEXURAL ELEMENTS MIXED AND CURED WITH SALINE WATER 
Fibre 
fraction 
0.0% 
Flexural Strength, f^^ 
(N/mm') 
POTABLE 
5.38 
SALINE 
5.22 
Percentage reduction in 
saline elements 
2.97 
0.1% 5.66 5.47 3.36 
0.2% 5.94 5.72 3.70 
^ ? 
^ _ ^ 
150 
Loading Arrangement 
8 
*^ oo 
o^ 
4# Smin^  bars 
® 190nvm 
Reinforcement Details 
2# 4mm(|) bars 
FIG. 3.1 LOADING ARRANGEMENT AND REINFORCEMENT 
DETAILS OF FLEXURAL ELEMENTS 
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G 
POTABLE WATeR 
SALINE WATER 
0.0 v . FiBRE ( PC 0 . 0 , S C 0 . 0 ) 
0.1V. FIBRE { P C 0.1 , SC 0.1 ) 
0.2V. FIBRE ( P C 0 .2^ SC 0. 2 ) 
I t 
STRAIN X 10 
Fig. A-1- COMPARISON OF STRESS-STRAIN CURVES OF 
DIFFERENT CUBES 
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2000 
1600 h 
z 1200 l 
Q 
<: 
o 
—I 
800 
^00 
POTABLE WATER 
~ SALINE WATER 
" • ' • ' • ' ' »""» '^ 'Ao,s» .y 'o . , , 
Fig 
® 8 ,0 , j 
CENTRAL DEFLECTION (mm) 
PHOTOGRAPH 1 TEST SPECIMENS 
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PHOTOGRAPH 2 SETUP FOR COMPRESSION TEST 
PHOTOGRAPH 3 TEST SETUP FOR FLEXURE SPECIMEN 
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PRF ELEMENTS 
SRF ELEMENTS 
PHOTOGRAPH 4 CRACK PATTERN 
631 
PHOTOGRAPH 5 COMPARISON OF CORRODED FIBRES 
PHOTOGRAPH 6 PITTING CORROSION OF STEEL BARS 
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A P P E N D I X 
DETERMINATION OF FLEXURAL STRENGTH 
The f l e x u r a l s t r e n g t h of the specimen, expressed as the 
modulus of r u p t u r e (fj^ ) , has been c a l c u l a t e d u s ing the formula 
(as pe r IS-. 516-1959) 
px l 
f^  = fo r 1 > 13 3mm 
bd^ 
where 1 is the distance between the line of fracture and the 
a 
nearest support, measured on the centre line of the 
tensile side of the specimen in mm. 
p failure load, 1 effective span of the specimen. 
THEORETICAL ANALYSIS 
CONVENTIONALLY REINFORCED FLEXURAL ELEMENT ( 0 . 0 % FIBRE) 
Equat ing t o t a l fo rce of t e n s i o n (T^) t o t o t a l fo rce of 
compression (C) F i g . l . 
A ,xa = ka (bxa) 
St sy cu * ' 
where k - stress block parameter (0 . 55 as per IS 456-1964^ 
a^ ^ - Ultimate compressive strength 
Agj. - area of tensile steel 
a - depth of stress block 
71 
K<3i« 
a) Sect ion b) S t ra in Diagram c) S t r e s s Diagram 
F I G . l SINGLY REINFORCED SECTION : GENERAL FAILURE 
THEORY 
D 
M ^ J 
A 
•r -r 
^ 5 
^ C U 
*—N. A K I S 
o<i51., 
- • T . 
<»Iu 
i ^ 
a) Sect ion b) S t ra in Diagram c) S t r e s s Diagram 
F I G . 2 STRESS STRAIN PROFILE FOR RSFC ELEMENTS I N 
FLEXURE 
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b - width of the element 
a * - 260 N/mm2 
sy ' 
2x(7r /4) (4) 2x260 
a = • 
0 . 5 5 x 2 1 . 0 0 x 1 5 0 
= 3 . 7 7 mm 
For balanced section, depth of stress block (a) is 
given as 0.43d (As per 13:456-1964) 
= 0.43x31 
= 13.33mm > 3.77mm 
Hence the section is under-reinforced. 
Lever arm, Z = d - a/2 
= 31 - 3.77/2 
= 2 9.11mm 
Ultimate moment of resistance 
M = A , . a . Z (for singly reinforced element) 
u St sy * z) J 
= 25.13 x 260 X 29.11 
= 190.22 KNmm 
Experimentally 
a) Potable water element - PRF2/0.0 
Ultimate load = 1720 
M = 0.5xl720x(750/3! 
U \ I • 
= 2 1 5 . 0 0 KNmm 
% i n c r e a s e d o v e r t h e o r e t i c a l = 11 .52 
•Table 4 .8 , A.K. Ja in , 3rd. ed. , pp. 103 
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b) S a l i n e water e lement - SRF2/0 .0 
U l t i m a t e l o a d = 1670 
M^  = 0 . 5 x l 6 7 0 x ( 7 5 0 / 3 ) 
= 2 0 8 . 7 5 KNmm 
%: i n c r e a s e d o v e r t h e o r e t i c a l = 8 .87 
REINFORCED STEEL-FIBRE CONCRETE (RSFC) FLSXURAL 
ELEMENTS 
The following relation as given by T.Y Lim, P. 
Paramsiwam and S.L. Lee [25] , has been used for the 
determination of ultimate moment of resistance. The 
stress - strain profile used for the development of this 
equation is shown in Fig.2. 
b . h . h ^ ^ s f ^sy ,^ ^ ^ 
Mu - a^^ . • + ( h + h j 
w h e r e h .^ 
a, . a . h - (A , . a ) / b 
1 cu ^ St s y ' ' 
a, . a + a^ 
1 cu tu 
hj. - depth of tensile zone 
h - depth of compression zone 
a^  - Modification factor for ultimate compres-
sive strength (0.90 for SFC) 
a^ .^  - ultimate tensile strength 
G - ultimate strain in compression 
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a) For Vg = 0.1% 
0.90x23.0x31 - (25.13 x 26C)/l50 
K = ^ ^ • 
0.90 X 23.0 + 0.35 
= 28.2 0mm 
Ultimate moment of resistance 
150x31x28.42 25.13x260 
Mu = 0.3 5 . + (31 + 28.4) 
2 2 
= 217.22 KNmm 
EXPERIMENTALLY 
i) For potable water element (ultimate load = 1810 N) 
M^ = 226.25 KNmm 
% increase over theoretical =3.98 
ii) For saline water elements (ultimate load = 1750N) 
Mu = 218.75 KNmm 
% increase over the theoretical =0.71 
b) For Vf = 0.2% 
0.90x24.75x31 - (25.13 x 260)/l50 
\ = 
0. 90 X 24.75 + 0.50 
= 2 8.41mm 
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Ultimate moment of resistance 
150x31x28.41 25.13x260 
Mu = 0.50 . + (31 + 28.41) 
2 2 
= 227.11KNmm 
Experimentally 
i) For potable water element (ultimate load = 1900 N) 
M = 237.5 KNmm 
u 
% increase over theoretical =4.37 
ii) For saline water elements (ultimate load = 1830N) 
Mu = 22 8.75 KNmm 
% increase over the theoretical = 0 . 72 
